Growth analysis is an appropriate method for plant response to various environmental and cultural conditions during plant life. A 2-year experiment was conducted to evaluate the effect of soil tillage and fertilization on the growth and growth parameters of quinoa crop and to determine the association between yield and growth characteristics at both the single plant and crop stand level. The experiment was laid out in a split-plot design with two replicates, two main plots [conventional (CT) and minimum tillage (MT)] and four sub-plots [fertilization treatments: untreated, inorganic fertilization of 100 (N1) and 200 kg N ha -1 (N2) and sheep manure]. The highest absolute growth rate (AGR) and crop growth rate (CGR) values were recorded between the middle of vegetative growth stage and the beginning of anthesis (50-75 DAS) under conventional tillage coupled with manure (AGR: 0.4577 g day -1 , CGR: 11.44 g m -2 day -1 ) and with N2 treatment (AGR: 0.4521 g day -1 , CGR: 11.31 g m -2 day -1 ). Concerning specific leaf area (SLA), the highest value (150.58 cm 2 g -1 ) was found at 75 DAS in N2 treatment. Leaf area index (LAI) were positively affected by soil tillage and fertilization with greatest values found under conventional tillage coupled with N2 treatment (5.110 m 2 m -2 ). The highest seed yield was observed in N2 treatment (2488 and 2388 kg ha -1 under CT and MT, respectively). As a conclusion, the cultivation under conventional tillage and the increasing levels of applied nitrogen up to 200 kg N ha -1 increases crop growth and yield.
Introduction
Quinoa (Chenopodium quinoa Willd., Family: Amaranthaceae) is a pseudocereal crop that has been cultivated in the Andes for several thousand years (Cusack, 1984) . Currently, quinoa is emerging as an interesting multipurpose crop for farmers and agro-industries. The seed can be used for both human food and animal feedstock, since it is characterized by high nutritional value including high protein content and a wide range of minerals and vitamins (Nowak et al., 2016) . In addition to its good nutritional composition, special attention has recently been given to quinoa as an alternative to cereal crops which contain gluten proteins (Bilalis et al., 2017) . The whole quinoa plant has been used as a source to feed livestock, including cattle, pigs and poultry . Moreover, quinoa is commonly accepted to be a stresstolerant plant, which is well adapted to different environmental conditions mainly due to its wide genetic variability (Razzaghi et al., 2012; Bilalis et al., 2019) . In view of its extraordinary nutritional properties and ability to grow in a wide range of marginal environments, the Food and Agriculture Organization of the United Nations (FAO) has identified quinoa as one of the crops that are destined to offer food security in the 21st century, and declared the year 2013 as the international year of quinoa (FAO, 2012) .
Agronomic practices (seed rate, plant density, fertilization, tillage system, sowing time and irrigation) are referred to affect crop environment, which in turn
The experiment was set up on an area of 850 m 2 according to the split plot design with two main plots (conventional tillage: CT, moldboard plowing at 25 cm, followed by one rotary hoeing at 10-15 cm; minimum tillage: MT, chiseling at 25 cm depth followed by chiseling at 10-15 cm) and four sub-plots [fertilization treatments: control, sheep manure (3000 kg ha -1 , solid, 11.52% N), inorganic fertilization (fertilizer 26-0-0) with 100 kg N ha -1 (N1) and 200 kg N ha -1 (N2)], and two replications for each treatment. The main plot and sub-plot sizes were 200 m 2 and 50 m 2 , respectively. Fertilizers were applied as basal fertilization. Quinoa (Chenopodium quinoa Willd. cv. Faro) was sown by hand in rows 30 cm apart at a depth of 2-3 cm and approximate density of 250,000 plants ha -1 . Seed sowing was performed on 5 th April 2012 and 10 th April 2013. Emergence was on 11 th and 15 th April in 2012 and 2013, respectively. Overhead sprinkler system was also set up on the field. The field area was irrigated 5 times with a total amount of 250 mm in each growing season. Throughout the experimental period, there was no incidence of pest or disease on quinoa crop. Weeds were controlled by handhoeing as and when needed and before canopy closure.
Sampling, measurements and methods
Five plant samples were randomly collected from each sub-plot at 25, 50, 75, 100, 125 and 150 Days After Sowing (DAS) . The plants selected were divided into stems, green and yellow leaves, inflorescences and grains. Leaf area was measured using an automatic leaf area meter (Delta-T Devices Ltd, Burwell, Cambridge, UK). Above-ground dry matter was determined after drying for 48 hours at 65 °C. These measurements were used for growth analysis. The growth parameters were calculated using the following equations according to Hunt (1990) :
LAI (Leaf Area Index) = Lca / P (m 2 m -2 ) (1) LAD (Leaf Area Duration) = [(LAI2 + LAI1) / 2] [t2-t1] (days) (2) SLW (Specific Leaf Weight) = Lw / La (g cm -2 ) (3) LWR (Leaf Weight Ratio) = Lw / W (g g -1 ) (4) SLA (Specific Leaf Area) = La / Lw (cm 2 g -1 ) (5) LAR (Leaf Area Ratio) = La / W (cm 2 g -1 ) (6) AGR (Absolute Growth Rate) = (w2-w1)/(t2-t1) (g day -1 ) (7) ALGR (Absolute Leaf Growth Rate) = (Lw2-Lw1)/(t2-t1) (g day -1 ) (8) RGR (Relative Growth Rate) = (ln w2-ln w1)/(t2-t1) (g g -1 day -1 ) (9) CGR (Crop Growth Rate) = 1/P (Wc2-Wc1)/(t2-t1) (g m -2 day -1 ) (10) Where: La = total one side area of photosynthetically leaf tissue of a plant (cm 2 ), Lca = total one side area of leaf tissue of canopy covering an area of 1 m 2 (m 2 ), P = unit ground surface area (m 2 ), t 1 and t 2 = time points of quinoa growth, Lw = dry matter of photosynthetically leaf tissue (g). W = total plant dry matter (g), and Wc = total dry matter of canopy covering an area of 1 m 2 (g).
influences the growth and finally the yield (Bilalis et al., 2012; Razzaghi et al., 2014; Roussis et al., 2019) . Fertilization plays a pivotal role in improving crop productivity through the provision of essential nutrients, and especially nitrogen, that are required by the crop plants to carry on their vegetative growth in pace with reproductive growth. In addition, it has been observed that better crop productivity can only be achieved, when the nutrients are applied at an optimum dose which is required by the crop plants (Kakabouki et al., 2018) . Tillage constitutes one of the most important operations on crop production system. Tillage methods control weeds, provide a suitable seed bed for crop plants, incorporate crop residues into the soil, make the soil loose, enhance chemical reaction and therefore improves all the physicochemical conditions of soil that affect plant growth and development.
Conservation tillage, such as minimum tillage, is an ecological approach to soil surface management and seedbed preparation. It has been practicing worldwide as a means of conserving soil moisture, reducing soil erosion, and improving soil organic C, plant-available water capacity, aggregation, and soil water transmission (Busari et al., 2015) . Biomass accumulation is the spatial and temporal integration of all plant processes, and therefore, crop dry matter constitutes the most relevant parameter in the study of crop canopies. A basic knowledge of effect of various factors on the rate and time of the dry matter accumulation and distribution in different parts of the plant is actually helpful in improving the productivity through better cultural and fertilization measures as it clarifies the factors that make a plant more or less productive singly or in population (Gardner et al., 1985) . Growth analysis is an appropriate method for plant response to different environmental and cultural conditions during plant life (Taiz and Zeiger, 2002) . Analysis of crop growth and development can provide insight into differences between various treatment inputs that influence yield (Wilson, 1981) .
There was no information about the growth analysis of quinoa crop, especially under Mediterranean semi-arid conditions. Therefore, the aim of current study was to investigate the effect of tillage system and fertilization on the growth and growth parameters of quinoa crop and to determine the association between yield and growth characteristics at both the single plant and crop stand level.
Materials and Methods

Site description and experimental design
A 3-year field experiment was carried out in the area of Agrinio (Aetolia-Acarnania, Western Greece, Latitude: 38º35´ N, Longitude: 21º25´E, Altitude: 80 m above sea level) during 2012 and 2013. The soil was a clay loam (24.9% clay, 61.2% silt, 13.9% sand) with pH (1:2 H2O) 7.4, EC 0.63 mS cm -1 , 0.152% total nitrogen, a sufficient supply of phosphorus (P Olsen: 175 mg kg -1 soil) and potassium (632 mg kg -1 soil) and 1.45% organic matter content. The site was managed according to organic agricultural guidelines (EC 834/2007) .
Meteorological data, thermal time and phenological stages
Meteorological data concerning mean monthly air temperature and precipitation during the cultivation periods are presented in Fig. 1 . Total precipitation in 2012 and 2013 (from April to September) was 233.8 and 240.6 mm, respectively. The mean temperature throughout the growing season was 24.2 °C for 2012 and 23.7 °C for 2013.
During the growing cycle of quinoa, heat accumulation in growing degree days (ADD) from sowing until harvest, summing the growing degree days (GDD) in each time period assessed. Growing Degree Days (GDD) was calculated as:
where, GDDi is the accumulated growing degree days; Tmin and Tmax are the minimum and maximum air temperatures, respectively. Tbase also is base temperature of quinoa that is equal to 3 °C (Jacobsen and Bach, 1998) .
ADD and the dates of measurements and basic phenological stages of the crop are reported in Table 1 . To record the developmental stages, 1 m 2 of each sub-plot was observed. The phenological stages were evaluated when at least one plant in each sub-plot pointed out that stage. The phenological stages according to the extended BBCH scale were 10 (Cotyledons fully emerged), 12 (second pair of leaves visible -1 st measurement at 25 DAS), 21 (one side shoot visible -2 nd measurement at 50 DAS), 60 (beginning of anthesis -3 rd measurement at 75 DAS), 70 (fruit set -4 th measurement at 100 DAS), 81 (milky grain -5 th measurement at 125 DAS), 89 (ripe grain -6 th measurement at 150 DAS) and 99 (harvested product) (Sosa-Zuniga et al., 2017) .
Statistical analysis
The experimental data were subjected to statistical analysis using the SigmaPlot 12 statistical software (Systat Software Inc., San Jose, CA, USA). Data of traits produced by tillage system and fertilization treatments in the two years were analyzed adopting 2 X 2 X 4 factorial design (two years; two tillage systems and four fertilization treatments) laid out in a split-plot design with two replications. The Analysis of Variance (ANOVA) used a mixed model, with years and replications as random effects and tillage system and fertilization as fixed effects. Differences between means were separated using Tukey's test. Correlation analyses were used to describe the relationships between growth parameters and yield components using Pearson's correlation. All comparisons were made at the 5% level of significance (p ≤ 0.05). 
Results
Thermal time and phenology
The effect of the year associated with accumulated growing degree days (ADD) between phenological stages is shown in Table 1 . Although quinoa crop was sown with a difference of five days between the two experimental years (5 th and 10 th April in the first and second year, respectively), there were no differences in the speed of seedling emergence (seedlings emerged at 5 and 6 days in 2012 and 2013, respectively) and accumulated ADD from sowing to seedling emergence (77.8 and 78.2 in 2012 and 2013, respectively) . Significant differences in ADD were found between the stage of second pair of leaves visible and the beginning of anthesis, where the ADD at the beginning of anthesis was 1280.0 and 1395.1 in 2012 and 2013, respectively. However, flowering was not related to ADD, as quinoa was flowered in the same days after sowing (75 DAS) in both years. The differences in accumulated ADD after the seedling emergence and until the anthesis may be explained by the fact that a higher temperature range (ΔT = 10.6 °C) was observed in the first year than the second one (ΔT = 6.9 °C) during this period. Finally, quinoa crop was harvested at 159 and 158 DAS in 2012 and 2013, respectively, and the accumulated ADD between years (3445.8 and 3389.6 in the first and second experimental year, respectively) was not differed.
Above-ground dry matter, leaf area and leaf dry matter per plant
The results of the present research study revealed that the dry matter accumulation per plant was significantly affected by different fertilization regimes during seed formation and maturity stages ( Table 2 ). The above-ground dry matter per plant was significantly higher in N2 1028 treatment, and the highest weights observed at 150 DAS with the values being 42.62 and 41.11 g plant -1 in 2012 and 2013, respectively.
The effects of the tillage system and fertilization on the dynamics of leaf area growth per plant are presented in Table 3 . The maximum values were achieved at the beginning of anthesis (75 DAS). The combined analysis of variance (Table 12 ) generally revealed that the leaf area was influenced by the tillage system and there was a tendency for leaf area to be higher under conventional tillage than under minimum tillage. A significant difference between the different tillage systems was only observed in the first year (2012) of the experiment, where plants of conventional tillage plots had statistically higher value (1926.51 cm 2 plant -1 ), while the lowest value (1833.04 cm 2 plant -1 ) was obtained in minimum plots. In regard to fertilization, the highest leaf area (2033.48 cm 2 plant -1 ) was found under manure treatment in the first year of the experiment, while, during the second year of this study, the highest value (1970.25 cm 2 plant -1 ) was observed in plants treated with the highest rate (200 kg N ha -1 ) of nitrogen fertilizer (N2). However, the differences among N2 and manure treatments were not statistically significant in this 2-year experiment. In response to year, the mean value was higher in 2012 (1879.77 cm 2 plant -1 ) than in 2013 (1761.19 cm 2 plant -1 ).
As shown in Table 3 and according to the combined analysis of variance (Table 12) , the leaf dry matter per plant was only affected by fertilization, and the greatest values observed at 100 DAS. In the first year (2012), there were no significant differences between different fertilization treatments, but during the second year of the experiment, fertilization had a great impact on leaf dry matter with the mean values being 14.63, 14.41 and 13.05 g plant -1 for application of N2, manure, and N1 treatment, respectively. 
Seed yield
The combined analysis of variance revealed that the seed yield was only influenced by fertilization (Table 12) . Averaged over tillage systems and years, the highest values were found in N2 treatment (2413 kg ha -1 ) followed by manure (2343 kg ha -1 ) and N1 treatment (2304 kg ha -1 ).
Concerning the year, the mean value was higher in 2012 (2402 kg ha -1 ) than in 2013 (2165 kg ha -1 ).
Growth indices of individual plants
Absolute growth rate (AGR) constitutes the simplest growth index and expresses the rate of change in size per unit time. AGR index was significantly affected by the different tillage system and fertilization regimes ( Table 5 ).
The maximum values were reached in the growing period between the middle of vegetative growth stage and the beginning of anthesis (50-75 DAS). Averaged over fertilization treatments and years, the highest value (0.4250 g day -1 ) was recorded under conventional tillage. In response to fertilization, the highest values were found in manure (0.4515 g day -1 ) and N2 treatment (0.4458 g day -1 ).
Concerning the year, the mean value was higher in 2012 (0.4537 g day -1 ) than in 2013 (0.3670 g day -1 ).
The absolute growth rate of the leaf weight (ALGR) was characterized by two phases. The first phase was characterized by positive values expressing the leaf growth and the increase of leaf dry matter, while the second phase was characterized by negative values expressing the weight loss due to the leaf withering ( Table 5 ). The maximum values of ALGR were achieved in the timespan between the middle of vegetative growth stage and the beginning of anthesis (50-75 DAS). The mean values of ALGR provided a good evidence of the soil tillage effect. Averaged over fertilization and years, the highest value (0.2030 g day -1 ) was achieved in conventional tillage plots. In response to fertilization, the mean value of ALGR were significantly higher in manure (0.2164 g day -1 ) and N2 treatment (0.2148 g day -1 ).
Relative growth rate (RGR) is an index that expresses growth in terms of the rate of increase in size per unit of size. RGR index was presented an initial rapid increase with the highest values presented between the early and the middle stages of vegetative growth (25-50 DAS), and then this index declined until the grain maturity (Table 6 ). The combined analysis of variance revealed that RGR was significantly affected by fertilization (Table 12 ). Averaged over fertilization treatments and years, the mean values of RGR were the greatest in the manure (0.0430 g g -1 day -1 ) and N2 treatment (0.0429 g g -1 day -1 ), followed by N1 (0.0425 g g -1 day -1 ) and control (0.0410 g g -1 day -1 ).
Leaf area ratio (LAR) is the ratio between total leaf area and total weight of individual plant. The maximum values of LAR were found at the beginning of anthesis (75 DAS) and then declined gradually until the grain maturity stage (Table 7) . LAR was significantly affected by different fertilization regimes, and the highest values (70.98 and 72.25 cm 2 g -1 in 2012 and 2013, respectively) were recorded in plants fertilized with highest rate (200 kg N ha -1 ) of nitrogen fertilizer (N2) followed by manure (70.19 and 70.93 cm 2 g -1 in 2012 and 2013, respectively) and N1 treatment (68.23 and 68.95 cm 2 g -1 in 2012 and 2013, respectively).
Specific leaf area (SLA) constitutes an index that measures relative thinness of leaf and defined as the ratio between total leaf area and total leaf weight of individual plant. SLA index was significantly affected by the fertilization and the maximum values were reached at the beginning of anthesis (75 DAS) ( Table 7) . The highest values (157.99 and 143.16 cm 2 g -1 in 2012 and 2013, respectively) were recorded in N2 treatment, while the lowest values were found in control plots (153.67 and 139.24 cm 2 g -1 in 2012 and 2013, respectively). In response to the year, the mean value was higher in 2012 (155.46 cm 2 g -1 ) than in 2013 (140.86 cm 2 g -1 ).
Leaf weight ratio (LWR) is an index that measures the plant leafiness on a dry weight basis and defined as the ratio between total leaf weight and total weight of individual plant. The maximum LWR values were observed at the early stage of vegetative growth (25 DAS) and then were gradually decreased until the grain maturity (150 DAS) (Table 8 ). According to the combined analysis of variance, LWR was only affected by fertilization (Table 12) . Averaged over tillage system and years, the mean value was the highest in the N2 treatment (0.540 g g -1 ), followed by manure (0.539 g g -1 ), N1 (0.535g g -1 ), and control (0.532 g g -1 ). Concerning the year, the mean value was higher in 2013 (0.551 g g -1 ) than in 2012 (0.522 g g -1 ).
As with the LWR, specific leaf weight (SLW) is also an index that measures the plant leafiness on a dry basis. It is defined as the ratio between total leaf area and total leaf weight of individual plant. SLW was significantly affected by fertilization and the maximum values were recorded at the early stage of vegetative growth (25 DAS). The mean value of SLW reduced to the N2 treatment, and the mean values in the separate treatments were as follows: control: 0.0292, N1: 0.0290, manure: 0.0289 and N2 treatment: 0.0286 g cm -2 (Table 8) .
Growth indices of the crop stand
Crop growth rate (CGR) indicates the efficiency of the complete crop over a specific land area in the production of biomass. In this research study, the dynamics of CGR were similar to those of AGR due to the fact that AGR constitutes the slope of CGR's curve. The maximum values of CGR were obtained between the middle of the vegetative growth stage and the beginning of anthesis (50-75 DAS). AGR index was significantly affected by the different tillage system and fertilization regimes (Table 12 ). Averaged over years and fertilization treatments, the highest value (10.63 g m -2 day -1 ) was recorded under conventional tillage system (Table 9 ). Regarding the fertilization treatments, the highest values were found in manure (11.29 g m -2 day -1 ) and N2 treatment (11.14 g m -2 day -1 ). In response to the year, the mean value was higher in 2012 (11.34 g m -2 day -1 ) than in 2013 (9.18 g m -2 day -1 ).
Leaf area index (LAI) is defined as the total leaf area of the crop over a unit of the land. The effects of tillage and fertilization on LAI were significant during the cultivation periods and the highest values were achieved at the beginning of anthesis (75 DAS) (Tables 10 and 12). Averaged over years and fertilization treatments, the value of LAI in conventional tillage (4.66 m 2 m -2 ) was higher than in minimum tillage plots (4.44 m 2 m -2 ). Concerning the effect of fertilization, the maximum values were found in N2 treatment (4.96 m 2 m -2 ) and manure (4.87 m 2 m -2 ). The maximum values were recorded in the period between flowering stage and the first days of grain formation (75-100 DAS). The highest LAD values, averaged over years and tillage system treatments, were achieved in N2 treatment and manure with the values being 120.59 and 117.56 days.
In response to the year, the mean value was higher in the first year (4.70 m 2 m -2 ) than in the second one (4.39 m 2 m -2 ).
Leaf area duration (LAD) is a quantitative measure of green leaf retention over time. The effect of the soil tillage and fertilization treatments on LAD are presented in Table  11 . 
Discussion
The results of growth analysis of quinoa indicated the significant relationships between growth rate parameters and seed yield at both the single plant and crop stand level. The indices AGR, ALGR, and CGR presented a positive correlation with seed yield (r=0.7875, p<0.001; r=0.6320, p<0.001; and r=0.7875, p=0.002, respectively). These results are in accordance with previous studies presenting the significant relationship between growth rate parameters and yield in other crops, such as wheat (Sugár et al., 2017) , maize (Bullock et al., 1993) , oilseed rape (Hunková et al., 2011) and Nigella sativa . Seed yield was only affected by fertilization and the highest value was found in plants fertilized with the highest rate of inorganic nitrogen fertilizer (200 kg N ha -1 ). Shams (2012) observed that the increase of nitrogen fertilizer rate from 90 to 360 kg N ha -1 increased seed yield of quinoa from 518% to 1394% as compared to untreated (0 kg N ha -1 ). Fertilization with inorganic fertilizer gave greater yields as this type of fertilizer contained soluble inorganic nitrogen with quick availability for quinoa crop (Kakabouki et al., 2018) .
The growth rate parameters AGR, ALGR and CGR were positively influenced by different fertilization regimes and these results were in line with the increase in the aboveground dry matter and leaf dry matter. Concerning the soil tillage, the above-mentioned growth rate parameters were significantly higher in conventional tillage system because of the higher dry matters that were found in plants cultivated in soil subjected to conventional tillage. The higher dry matters in conventional tillage system might be due to better soil conditions like lower bulk density and better nutrient availability from deeper layer owing to better pulverization of soil than the minimum tillage (Khan et al., 2014) .
The highest AGR and CGR during the vegetative and reproductive growth stage were recorded in plots received the highest rate of inorganic nitrogen fertilizer (200 kg N ha -1 ) or manure. Papastylianou et al. (2014) demonstrated the positive impact of manure fertilization on dry matter accumulation in quinoa crop. The progressive increases in the dry mass accumulation of plants, probably, were related to a high availability of nutrients and a greater efficiency in absorption and accumulation of nutrients for formation of new tissues (Bullock et al., 1993) . In addition, the increase in the growth rate of quinoa may be associated with the increase in the number of leaves and leaf area.
RGR is one of the most ecologically important parameters of growth analysis and represents the plant efficiency to produce tissues from the existing ones (Hunt, 1990) . The two peaks of maximum for RGR during vegetative growth phase and minimum during the grain maturity could explain the significant increase and decrease in plant biomass during these periods, respectively. The RGR index decreased with the increase in plant age of quinoa due to the progressive increase of non-assimilator tissues (El-Darier et al., 2002) .
LAR, which is defined as SLA times LWR, is the ratio of photosynthesizing to respiring material within the plant (Hunt, 1990) . Both SLA and LAR constitute a ratio of leaf area to mass and decrease in value, as plant leaves become thicker with higher concentration of chlorophyll and photosynthetic cells (Craufurd et al., 1999) . Concerning SLA, it was only affected by fertilization and the highest values recorded in plants treated with the highest rate of inorganic nitrogen fertilizer (200 kg N ha -1 ) at the beginning of anthesis (75 DAS). Plants with high SLA value are characterized by high nitrogen concentrations, high carbon dioxide rates and nitrogen uptake per unit leaf and root mass, respectively (Amanullah, 2015) . Verily, SLA had a positive and significant correlation with biomass nitrogen content at the beginning of anthesis (r= 0.4494, p=0.009) (Kakabouki, 2016) . A negative and very strong correlation was observed between SLA and SLW (r=-0.9555, p<0.001) due to the fact that SLA parameter increased with the passage of time, while on the other hand SLW index decreased. The increase in the leaf area per plant and reduction in the leaf dry matter per plant increased SLA index, while the opposite holds for SLW (Hunt, 1990 ).
In the current study, the maximum LAI and LAD values were recorded in in plants treated with the highest rate of inorganic nitrogen fertilizer (200 kg N ha -1 ) at the beginning of anthesis (75 DAS) and throughout the period between flowering stage and the first days of grain formation (75-100 DAS), respectively. This is in accordance with previous studies demonstrated that increase in aboveground dry matter due to the application of higher rates of nitrogen related with higher LAI and LAD values (Bullock et al., 1993; Sugár et al., 2017) . Seed yield had a positive and close association with LAI and LAD (r=0.7479, p<0.001 and r=0.7183, p<0.001, respectively). Several studies have pointed out the positive and strong correlation between LAI and seed yield (Sugár et al., 2017; Roussis et al., 2019) .
Conclusions
The results of the current study revealed that growth parameters at both the single plant and crop stand level were affected by soil tillage and fertilization. The highest aboveground and leaf dry matter per plant were observed under N2 treatment. In terms of leaf area per plant, there were significant differences among tillage systems and fertilization regimes with the highest values obtained under conventional tillage and N2 fertilization. The highest seed yield was found in N2 plots. Concerning the growth rates, AGR, ALGR and CGR were affected by the different tillage systems and fertilization treatments, with the highest values under conventional tillage coupled with manure and with the highest rate of inorganic nitrogen fertilizer (200 kg N ha -1 ). The highest RGR values were recorded under manure and N2 fertilization treatments. Significantly higher LAR, LWR and SLA were obtained when plants fertilized with the highest rate of inorganic nitrogen fertilizer (N2). SLW was declined with the increase in applied nitrogen rate. LAI was only influenced by fertilization and the highest value observed in N2 plots. The highest LAD values were achieved in N2 treatment and manure. As a conclusion, the cultivation under conventional tillage and the increasing levels of applied nitrogen up to 200 kg N ha -1 increases crop growth and yield.
